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(57) Abstract 

A nitride semiconductor device used 
chiefly as an LD and an LED element In order 
to improve the output and to decrease Vf, the 
device is given either a three-layer structure in 
which a nitride semiconductor layer doped with 
n-type impurities serving as an n-type contact 
layer where an n-electrode is formed is 
semdwiched between undoped nitride 
semiconductor layers, or a superlattice structure 
of nitride. The n-type contact layer has a carrier 
concentration exceeding 3x10" cm*^ , and the 
resistivity can be lowered below 8 x lO'^Ocm, 
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+Y^i) j:^tj:^m^i^m-r^. 

Mt^CO I n G a N. foSV^tt I n G a Nt:WrS#m»^#Ffl|jtO^&14@ t , 
Mg K— :rA 1 G aNJ; «95^5p'Ifl!l^^5' KMiTx Mg :rG a /ct5 P 

1gE;R:4 5 0 nm(^)#feLED-C5mW. ^$P*:-^^^9. 1 %n 5 2 O nmOJife 

1 O nm<^li*sSria:#-CD3feT|g*bfc (^J^t^> Jpn. J. Appl. Ph 
ys. 3 5 (1 9 9 6) L74, Jpn. J. Appl. Phys. 35 (19 
9 6) L2 1 7^) o ::(7>U—^m^n. I nGaN^ffiV>fc#fi»^#F^3t 
(MQW : Mu 1 t i - Quantum-We 1 1) CD?St4®S:W"t"5 ^^''^'l^^ 

7^t3^3gSr^b. xN/i';^*! 2 s. /■?/v;^P^2ms(0^^-x?. @i<iimdtc6 1 O 

mA, mBMM^&S. 7kA/cm='. 4 1 O n m(^5gfig2r^i"o ^ft. 

m^h\-±mM.x-(7>mmmw^'hWii(>x^^\^. ^sufc m^tt. ^Bl=^^^ h 

t3 =^ ;^ 1 9 9 6 <^ 1 2 ^ 2 0 ^e^^iil^. Appl. Phys. Lett. 6 
9 (1 996) 3034—, Appl. Phys. Lett. 69 (1996) 
40 56 --^) „ rOU— Ifm^tt2 0'C{Ci3V>T, gUitSiSg^SS. 6 k A/ 
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bfdo 

:i(O^0 izMiYMs^MW-VX LED (Light Emitting Device) -QWi^^Bit ^ 
H> LD (Laser Diode) -C«i6:+H#^7fc;05 b3giS5EfSM{-*-T?Mo TV L 

<D3fe^;65jej.M-efe5o BufSLED3^^fi2 0mA{:L:j3V^TV f ^a^a. 6V 

^ Sr fR] ± $ -It 5 ;i fijg T $> 6 o 

Sr^-r 5 t Srm 2 (D a 6^1 -r So 
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5cf^-rfc5 Si, G e . S n f£^^mif^ w ^ ;85-e^ S^S^ s i U\ N 

Sn^^^^ hS^r-aJ?). ^tb^iffiM^tbS^'fb'l^^^^t:,}: LT«G a N, I nG 
a N, A 1 G a N^ft^«»l^ bX^lTSCirdST^tS^^ NM^ rJ' <ir U 

^f^^Mi^HG a N-^fcttA 1 G a NT?*>5 05^2^* L < s NM=>:^i?iJ' hm<^ 
mmti^RMmi^^J^^^in^m 3 <^^fbife^^fls:f*G a N, I n G a N^?t{*A 
1 G a N;5S$f*UV^o S i ;&5 :r$tt5NM=»^^:5':5' (^2^) 

T:/ K— :/<7>G a N"e^^T^^^'5^ T:/ K— ^G a N 3 S) /'S i T/G 

aN (1^2®) /'T^-K-rT'GaN (^1^) (D^mMmm^i^mmtLx^ 

misisx 1 o-»Q • cmt^m&t $nxv>fc (.m^t^. ^m<^WFf^5, 733, 7 

9 6^) UK r:c^iS^^<^i^'SP'tJ: J: 9 v f ^(ST^-frS ^ ^ ;05-c^ ^-c^ 

Sia^t^lie X 1 O^Q • cjMTs § L< ti4 X 1 0-='G • cmJe^Tt ^fe 

'9»I;t{iA 1 N, GaN, A 1 G a N^%4 O 0'C~9 O 0"t:ie:*3V^T^ O. 5u 
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zf (u n d o p e) <Dmtm^W'mh\iMmmzpfmm^ K-:7'b:^?v^^'^b^fe 
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'Ct)^V\ V^>;/:7T©tt««iX.fiA 1 N, G a A 1 G a 4 O O'C'- 9 O 

i>(cm>tcS^t!if±'5:i/>{;i|^— 2Mmco^ii:i^^i5^flsMS:^® LT«I^ 

ft^6t]?5iNM=i>i?^ GaN/GaN, I nG 

a N/G a N, A 1 G a N/G a N*3 iU? I n G a N/A 1 G a N (?Djii&J^jL-^J:>iir 
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mmmm i 
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(Dmtm¥m^m<o^^ v rj^^jia x 1 0 'Vchpj: y> ^^^^ < nm^*^ 

1^ b< (is i ^fflv^So 

:^mm(7>m 2 o^3t^^-C}*fi^t^ ^ St£ ^ <^)^{;:nM=j hMt bX^ 
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JeJlT. S^^!f*L< (ii o~4 o^i^'!^:^h^—J^(oB:m^M^'t^o 110 0 

W-X^f\.\'S.}^<D^r)fS:-^(D-^-h^^^f)^. 0^L< }iA 1 vG a i_yN (0^Y< 
1, X>Y) . In^Ga^.j-N (0^Z<1) O J: 5 2 jnJS^x 3 5ci!SSO 

In, Ga ^*3feV^A 1 xG a ^_^N (0<X<1) tl.. ^<>l^ -y:^^ 
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^ z < 1) i . ^'x-h^^^amz.mtlfz.m.^^^n^^^&i•v. a i rn^tt (y 

m) O. 3EtT<?5A 1 xGa i_xN (0<X^O. 3) G a N (Dm^'^i:>^ 
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^^7CiE?L;<f>^<^J^#{3:J;5 tlt^^tl/5o *fcp®0^^^ A 1 G aNttG a N 

Ga N@{CMgtr|^*"CK— 7"Lfc^-^> A 1 G a N^t?f*Mg <DT^-fc::^^ip 

t^A 1 G a NJH;iit-<T^ < . M g (D^^'^t^ttM^ \ mK-i^^, M g ^ 1 X 1 
O^o/cm^ • K— ^^UTtjG a N-Cl^l X 1 O^^y cia^m&(D^^])TM& 
-CS>-5<^{-^U. A 1 G a N-ef3:i X 1 O ^ ^ X c m''m&<0^ ^ V T^^VH)^ 

-?rr-C, ;*:%?g-e{±A 1 GaN/'GaNiT?^|&^^ U M^'TVT 

m-e=3f ^ y TJi^i^i^jg^<^iP*^v>A 1 G a N^;l:^g6-f ^®6t>}-^^ 

y T«A 1 G a NM(Df^ffl«^Jt-r. A 1 G a N®}^^^^ K^-^ <y ^^;^;/PdE:— 
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•rmt\^Xi-t, 1 X 1 O^^/'cm^^l X 1 0'''»/'cm\ ^ b (-if L < 1* 1 
X 1 0>»/cm«~5 X 1 O '«/cm = 0$Sffl(::i@Si-So 1X1 0 ^^/cm» 

% f£m\:Mo^MWmi}^ ^>l£tfc LT < S n mPfmMoffi^ «9 . ^oifi 1 X 1 0 » « 
r:/ K— 37'(^G a NJlir-c^^&^SSrJi^figU^rc:^^. A l g a N«s i Sr K— r 
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:^^Si) (Dtfca^Sr^t t>^tt5o L;0='bA 1 GaNM(^ff$::i^[n)ic^bXM 

ifK InxGa^_^N (O^X^l) , ^if * b < I n a ^.^N (0<X^ 

TVK— 7"GaN//S i K— iTGaN (B) /Ti^K— IT'GaN (A) 
T K— :r G a N 
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-[-^mi^i^fcn. 7km^m\^:^ib^hs s^<^jas^i o5o^*-c_t#$-ti:. m 

-t^-^yr^r. ^(DiiiL. ;^t'^/v (MgAi^o^) <^J;5/^*&id4oS=te© 

ilil. S i C (6H. 4H. aC^-g-tp) > S ZnO, GaAs. G a N^(7> 

^^^^^ Srffl V ^ s ;i -c|t s „ 

1 (Dmtm^i^m 3 ) 

y^5,:7T^2^:g:^, TMG(7?;9^JhJi?)T. JfiH^^ 1 0 5 0*C^-CJi#$^-5o 

1 O 5 O'Ctd/^ofcb. l^i:^<MJ|sf;i5fjxjz:TMG, T>'^^T;^f;^^ffiv\ Ti^ 

K— TT'G a N j; «9 /jj 6^ 1 (D^^bife^^ft:^ 3 ^ 5 ^ m(?3^-C^S $*So ^ 

KD^itm^^Mi^W-i^^ y T m ^ ^ •^'^U, mk.}^9 o CC^i 1 o ot:-e^ 

g^i^. I n^A 1 vGa i_x_yN (OgX, O^Y^ X + Y^l) "C^^-Ct, 

(ll2C0^>fb#>^#:®4) 

1 0 5 0 'C-t?. TMG. T:/^— T;«f;^^fflV\ TV K— 7"G aNS^S: 

2 o^i^i^;^ hn— Aoj^^-Cfifefi^-ti:. i^v^Tl^ta^lCTs ^}f^Xi^'7>':ff7^ 

SriiSnbS iSrlXlO^'/cm" r^bfcG a Ng^2 O^e-^tT:?^ ha— ^ 

N®;0ib?te5Ag^. Si K~-:^G a Ng<^Wi-<5 2 0:ri/i5^:^ ha— AOB® 
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(m 3 (Dmm^^m 5 ) 

3 (Omit^^^i^m 5^100 hr2—M.<DmmTt^-Si^'^^o 
HSc^^-fk/feiji^^^cgS t> I n^A I yG a ,_x-yN (O^X. O^Y, X + Y 

^1) -e^^-C^x -^rtOiiflfifettil^f-Rg^^jO^Ttt/iV^jOS, ^9^^U<fiGaN, x 

m.i>^0. 2£^T<^A 1 xGa ,_xN. *fc{iY#:dSo. 1 gJlT<^> I n ^G a ,_yN 

^{C:, M^Srl O 5 0*Cic:_ttf. TMG, TMA, Ti^^— Cp2Mg 

0^L<J^AlvGa,_yN (0<Y<1) $ ii: 5 ^1 ^ ;&5i|^ L < . 

i^^ttO^V^gSrJ5feS3?*-5rci?)iCJ^Y'jB:dSO. 3£tT<?5A 1 ^G a j.^NgSr 

S^l>Xl 0 5 CC-C. TMG, TV^=T. Cp2MgSr^V\ Mg^lX 
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o^Y. x+Y^i) -e^^t?^. ^<:om^{*4*(ciP.g5 ^o-t?{i75^v^}^^ 

Sii»T^^ ia^^^ta^-erif. $^jc^^#H^»fi, ^^^^^ 

^ :^i5^ffl<D A u i^^fa^v ^"^v F®^ l O S: 0 . 5 // xsk(omnr^^Wct/b^ 

bT3 5 O Am#|60LED^^^ii-5o 

C:<^LED0^{iHt*"|Bl^JBE2 OmAl;iioV>i-C^ 5 2 0 nm<Z>Mi^ll^^:^ 

1^>'T'<T3i^Jl(^:G aNj;l9?feS^^5':7Tgi:, si K— 7"G a N J: ») 

^nm^:^^^ ymt. J^— »-T^#F^3t<^ I nGaNJlO'fcS^t^i. Mg 
K— 7°A 1 Ga NJ;«!)/^S p '(KJ:^' 7 -jy Mg :7°G a NJ;9?5j5p^=3 

i^^J'iJ' h®t;55Kg{:i^$tLfct2e5f503i^5g3fcLED{;itt;tJ£bT. 2 0 mAf;i:}3 

ttSVfSro. 2~o. 4V^gT$•&^ tll;^^4 o%~5 0%[Ri±$-|ir5w^d2 

S i K— ^^GaN/Zs i K— ^GaN (B) /TVK— ^GaN (A) 
S i 'F—ZfG a N 

^iS^J 1 ^;l:}3v^■rm i (7)m\:Aio^mi^m 3 ^^■S:^^^mi^. s i i x i 
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^^<*^Jg5^^:5$i^5B^{CS i ^ 1 X 1 0 ^^/cm" K— :7"LfcG a N iit"^ 

LTtti;/j-e*3j;^ 1 o%migTLfc:&^ v f, ^mmm±m^m—<D^i^^^-f- 

T-^V—^G a i K— :7°G a N/Ti^ K>->^ I n G a N//r;^ 

:7"G a N 

Sri X 1 0 ^^/cmrK-rUfcS i K-:?^G a N®Sr2 5;r^ir>^ bn-A^ 

nGaN^7 5/xmfig;5$it5o ^icD J; 5 ti: LT> S i K— r^G a N 

Ti^ K— T^G a NZ/S i K—S/'A 1 G a NyT^- K— 7°G a Ny/T^^ K— 
Z/'G a N 

T >' K-:;^ I n G a Ny/S i V—ZfG a N (B) /T^- K— >^G a N (A) 
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//T >- K— a N 

mt&mi tmm\^L.x, ■^•7t-<'7 (c®) fs^^ws.^. q (d 200. 

^^^^ hci— A(DGa NJ; »)JifS-'^5':7Tig2 1^ 5 /x m<^T>' K— IT'G a N 
,J: «9?fcS||160^'fb#?^^^®2 2, 2 0:^:/:5^>^ AflDT^-K— :/G a N 

^ASir, 2 0;^>'iJ^;^ hi3— A;d5S i K— :/<^)G a N j; ^£5 ^ 

^ ^{-^<^^0J^S::fhLT, mtSMK^G a N»(^_b{z:|| 2 OG a N^rfiKg^-fe, 
S i 02<^_L|::M2(^GaN®S:#:^|^{j:fige§^T. #;^|Bj-eM2C0G a 

3 (omim^^mi^m 2 a) 

(n{R[J^ ^ iy K® 2 5) 

^*:fc:, 1 0 50*C|2:LT. S i X l O »«/cm« K— >^LfcnMA l „ , 
Gao. gNg, 2 0;^-^i>^^ At, T^^K— IT* (u n d o p e) G a NB, 

"^Wkb-t^o ^ ?^ 2 5 4 fi^-r vrm Zj^i^m. Rxr^m zihii>m 
t vxipm A 1 ^^t^mm^i^. L< fSA 1 G a N^^nm^^M 
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( n 1BI5fe;<f ^ Kg 2 6 ) 

^V^T. S i <Sr5 X 1 0^'/cm= K-:7°LfcnSGaNJ;t)?5;5n«!l3t:;Jf-t' 
Kg 2 6 0 . 1/1 mO)^^-e^;S;$^5„ nia!|^;if^ K® 2 6 fi, ©14^ 
O^tJ^'T K^t LTf^fflL. GaN, I n G a N^j^feft^^S ^ ir^S^M* L< . 

Si, G e^(Onm.^H^^h'-^Z^VXnm(Om-WMt'f-:57!)^, ij^j-^T K— 7" 
(^14^2 7) 

F^lag (MQW) <?5SH4ii2 7^figfi:$-e:-5o 

<N :&=»ofgt^6 j;«?^>:*:^VN, Mg % i x i o ^o/c ni= K— ^Ufcp^A l 
fifes $iir5o ::t^) p <l!|df ^ \y:^m 2 8 «p M^jfafii^Sr K— :7"Ufc^ t Lfc;&^ 0 

^^y:^m2 8(Dmmno. lum.UT. $e>{J:^*L<«5 O 0:^i/ir^ hn 
"-^OT> :i:fe$f*U<tt3 O 0;r>'ir;^ hT3^AOT{-i§M-r-5o 0. 1/xm 

^V^A 1 G a NP.S§< J^^-ra ^ LDm^Fil^^L-^< /jiSo m^t^. Yilt2)5 
O. 2JEA_hc75A i yG a i.^N-efe^f^ 5 0 0:^-:^^^;^ h i^' ^^e^lTJiiilllSi-S 
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(pffi«3t:^-r K^2 9) 

K^2 6 t[^C< GaN, I n G a N-e^;5$-fr5 r ^ ;$SM* -^fc. r 

<^)®«p{ail^'7 5/ KJ13 0^^^^^^^(Dy<-/yTmt UTt>f^ffiL. 1 0 0 
ha— J^~5 ;/m^ $ {s:^^ L < « 2 0 0:r:/i5^:^ hti— On—I ;i m 

( P iRIi?' 7 s/ KM 3 O ) 

MgiSri x i o^^/^cm^ :7'L;rcpMAi o. zGa,,. gN^, 2 o 

:3^^^^;^ ha— MgSrl X l O ^^/c m= :?^UfcpMG a NM, 2 0 
P<B!I:5'^5' KM 3 0^fife:g:$1i:So :Z(Dm\^nm^ ^ i> K®2 5 tI^C<df-Yy 

T $ -its i?><^M i bT#ffii-So ^ p {Rfl iJ' -7 'jy KM3 0<7)li^t>#{-IS^U 
^&V^;05. 1 0 0;e-i/ir:^ ha— J:.JBI.±, 2MmE*Ts ^ L< « 5 0 0;^ 

t)Xt-5„ 
(p-ffiU^^/iJ^^ bM3 1) 

Ir^jz:. Mg?r2xi o^^/cm^ K->^bfcpMG a NJ: p{M=':/^ 
^ KMl 0^1 5 Oi^^-i^ir:^ ho— AoMffXfifeS^i^rSo p-llfl^Vt?^ hmtt 
5 0 0;r>';5^x^ ha— ^JE^T^ ^tbiZ.0ic.V<n4: 0 0 ;*->'iJ^>^ ha— AE;IT. 
2 0 ::tly^:^ h a — Afiil hi^mi^^m^'i- ^ t . p MlS^^^/h ^<^^ tcHbmi^ 
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<Sfe{-y !>'t?*D5(^^®i;:Ni/'AuJ:«3JiC'5pm^3 2Sr?^fifei-So JSkJ-, m 
^®Jj:s i 0 2J:9 75:5i^5igi^3 s^Srj^^L, :ncDj^W^3 5Sr:frL-Cpm@3 

2 i mm6«»t:i^j^ bfc p vy 3 3 srj^fife-f-Sc —:^m^ ^mm $ -^fc n m 

5^-81 LT I/— if ^^^f^-rSo if§^^?l5:t^^}SS|g|2T?foSo ?:ej3^coi^ 

— i^— f*!!6^ h^^. '<i^^<o 3 7 ^^jSi^^H vtLmtm 

TU, MfitmEE-b 4 V 5 O O ^^£;lJb(J:|Rl Jb UfCo 

T:/ a N//Ti^ ^A 1 G a N/S i K~^G a N/'/T^' K— 

:7"GaN 

HlfeM 1 tci*5V^r , m 2 (D^>fb%^#<*:® 4 ^^m^. S i ilr 1 X 1 o ^ 
cm^ K— T'bfcGa NMiS:2 O;^:/^;^ hn— Ti^ K— ^<^)A 1 

i^)^J?l. 0/im (1 0 0 O 0:*-;/^^;^ j») CD^I^^pjfilitJ; 2<D 
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